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Graphene and graphene nanoribbons
Production in “large” scale:
• Exfolation of graphite
• Exfoliation of carbon nanotubes
University of Minho
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Graphene from Graphite
Natural graphite is formed in either
metamorphic or igneous environments. It




Synthetic graphite: high temperature
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Graphene from graphite: exfoliation
graphene dispersions produced by
exfoliation of graphite in organic
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Graphene nanoribbons from carbon nanotubes
Nano Letters, Vol.9, No.4, 1527 (2009)
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Graphene nanoribbons from carbon nanotubes
Nature, Vol.458, 872 (2009)
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Graphene nanoribbons from carbon nanotubes
Flexing of a GNR and concurrent electrical
measurement. The two‐terminal conductance
stays the same even with the dramatic
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Graphene nanoribbons from carbon nanotubes
The CNT were calcinated in air at 500 °C to remove
impurities and oxidize MWNTs at defect sites and ends.
Then they were dispersed in a 1,2‐dichloroethane
organic solution of poly(m‐phenylenevinylene‐co‐2,5‐
dioctoxy‐p‐phenylenevinylene) (PmPV) by sonication
University of Minho
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Graphene nanoribbons from carbon nanotubes
• What triggers the unzipping?
• How does it happen?
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Graphene nanoribbons from carbon nanotubes






I3N / IPC - Institute for Polymers and Composites
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Graphene nanoribbons from carbon nanotubes
Unzipping of functionalized carbon nanotubes:
• Functionalization of CNT
• STM observation of CNT unzipping
• Formation of GNR in solution
University of Minho













































































• X‐ray photoelectron spectroscopy
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Graphene nanoribbons from carbon nanotubes
Instability of the outer graphene layer of the functionalized CNT under atomic scale
STM imaging conditions
University of Minho
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Analysis of the solution and of the solid
obtained by evaporation on a surface
University of Minho
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Graphene nanoribbons from carbon nanotubes
UV‐Vis spectra of GNR solutions in DCM UV‐Vis spectra of GNR solutions in Ethanol
University of Minho
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Graphene nanoribbons from carbon nanotubes
Raman spectra (532 nm) obtained for the GNR deposited
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Optical micrographs of the GNR residue obtained by solvent evaporation on a quartz surface
SWNT NC3100
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Optical microscopy
Electron microscopy ‐ STEM
Electron microscopy ‐ TEM
Graphene nanoribbons formed in DCM
University of Minho
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Graphene nanoribbons formed in ethanol
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Graphene nanoribbons formed in ethanol
TEM of the GNR obtained from NC 3100
University of Minho
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• TEM facilities at CICECO, U. Aveiro (Rui Silva, Marta Ferro)
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